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ABSTRACT 
 
The purpose of this study was to examine the relation of chin projection changes 
and true rotation in hypo- and hyperdivergent patients.  
The treated group consisted of 45 growing Class II Division I patients (23 boys, 
22 girls) treated by a single practitioner with stainless steel crown Herbst appliances, 
followed by fixed edgewise appliances. The untreated control group consisted of 45 
Class II Div I subjects (23 boys, 22 girls) who were matched to the treated sample based 
on age, sex, and pre-treatment MPA (SN-GoMe). Pre- and post-treatment lateral 
cephalograms were traced. Cranial base and mandibular superimpositions were 
performed to evaluate T1-T2 changes and true mandibular rotation. Cephalometric 
changes between the treated and control groups were compared. 
The primary effect of the Herbst in terms of maxillomandibular correction was in 
the maxilla. The Herbst produced a significant maxillary growth restriction or a 
“headgear effect.” The rotational effects of the Herbst were different in hypo- than 
hyperdivergent patients. Hyperdivergent patients experienced a deleterious backward 
true mandibular rotation with Herbst treatment, while hypodivergent Herbst patients and 
untreated hypo- and hyperdivergent controls had forward true mandibular rotation. The 
chin did not come forward any more with Herbst treatment than what was expected to 
occur in untreated Class II individuals. 
Hypodivergent patients may benefit from the Herbst “headgear effect” and may 
be able to overcome the negative rotational effects of the Herbst, but treatment does not 
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advance the chin position any more than if the patient was untreated. Hyperdivergent 
patients also experience a slight “headgear effect,” along with deleterious backward 
rotation and increased facial height, which worsen facial esthetics. Because of this, 
hyperdivergent patients are poorly suited for Herbst treatment. 
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NOMENCLATURE 
 
MPA Mandibular plane angle 
OP Occlusal plane 
Pg Pogonion 
AP Anteroposterior 
Div Division 
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CHAPTER I  
INTRODUCTION LITERATURE REVIEW 
A bilateral Class II malocclusion is a common problem occurring in 
approximately 14.7% of the U.S population.1 Many treatment complexities accompany 
this malocclusion since facial esthetics are often negatively affected in addition to the 
dental and skeletal elements. A consistent finding in Class II malocclusion is mandibular 
retrusion and subsequent retrusive chin position.2,3 It has been established that a Class II 
malocclusion develops primarily as a result of mandibular retrusion rather than maxillary 
prognathism, and generally the skeletal Class II growth pattern is not self-correcting.2-7 
Mandibular growth is significantly different in Class II subjects in comparison to 
subjects with normal Class I occlusions.2,7-9 Thus, to correct a skeletal Class II Division I 
malocclusion, normal anteroposterior maxillary growth must be maintained and greater 
than normal anteroposterior mandibular growth is required.3 To correct the facial 
convexity in Class II individuals, the chin position must also be addressed with 
orthodontic treatment approaches in order to obtain a significant improvement in facial 
esthetics. Although not all of the factors involved in facial esthetics are known, a 
preference for a straighter profile over retrusive chin positions is apparent and well 
documented in the literature.3,10,11  
Common non-surgical treatment methods to correct a Class II skeletal 
malocclusion include the use of headgear or functional appliances; however, fixed 
functional appliances offer an advantage due to their lack of dependence on patient 
compliance. The Herbst appliance is a fixed functional appliance that is widely used for 
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Class II correction and has been extensively researched since its reintroduction by 
Pancherz in the 1970’s.12 The Herbst was designed to alter the sagittal position of the 
mandible by continuously posturing it forward with the goal of possibly stimulating 
condylar growth or redirecting mandibular growth in a favorable direction.12,13 
Additionally, the Herbst is thought by some to act by restricting maxillary 
anteroposterior growth.3,13-20 Dentally, a posterior force is placed on the maxillary teeth 
and an anterior force is placed on the mandibular teeth with the appliance. 
Consistent documented treatment effects of the Herbst appliance include 
proclination and anterior movement of the mandibular incisors, overjet reduction, 
improvement of the first molar relationship through mesial movement of the mandibular 
first molars, and a reduction of the ANB angle.12 Other common, but not universal, 
findings include retroclination of the maxillary incisors, distalization and intrusion of the 
maxillary molars, and either no change or a slight increase in the mandibular plane 
angle.3,12,13 
A fairly consistent finding throughout the literature is the treatment effect of 
maxillary growth restriction with the Herbst appliance, which has been described as a 
“headgear effect.”3,13-20 Several studies have reported that Herbst treatment also causes 
an overall increase in total mandibular length in addition to the maxillary restrictive 
“headgear effect.”3,13,15,21 A systematic review by Cozza et al. reported that 66% of 
samples from 22 studies demonstrated clinically significant supplementary elongation in 
total mandibular length (>2mm) as a result of functional appliance treatment.2 Other 
studies including a systematic review by Barnett et al. have reported minimal maxillary 
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skeletal effects and a lack of a “headgear effect” on the maxilla.12 The same systematic 
review by Barnett et al. also concluded that the mandibular skeletal effects of the Herbst 
are also controversial.12 Significant and non-significant mandibular skeletal changes 
were found by the different studies reviewed. Siara-olds et al. reported finding no 
significant long-term dentoskeletal differences between Herbst treatment groups and 
matched controls and no significant soft tissue changes.14 A systematic review of soft 
tissue changes with fixed functional appliances by Flores-Mir et al. found no significant 
changes for the chin position measured at soft tissue pogonion.22 Thus, the skeletal 
effects of the Herbst are debated, but at the most, the Herbst is thought to restrict 
maxillary growth and possibly increase total mandibular length.  
Early animal studies have demonstrated that posturing the mandible forward can 
produce an increase in cellular activity at the condylar head as well as an increase in 
mandibular length, but the effects on humans are more controversial.2,12,23-28 Some 
studies have reported condylar and glenoid fossa modeling following the use of various 
types of functional appliances in humans.13,14,18 Other studies, particularly those with 
long-term data, found no significant glenoid fossa changes.15,29 Although the amount of 
condylar growth and fossa remodeling changes are disputed, a significant change in 
condylar growth direction with the Herbst appliance is a substantiated finding that has 
been supported by many studies.15,27,30,31 Anterior repositioning of the mandible has been 
shown to result in a redirection, rather than augmentation, of condylar growth. Greater 
posteriorly directed condylar growth is observed with the Herbst appliance, and even 
more pronounced posterior directional changes are seen in hyperdivergent patients 
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treated with the Herbst.15,30 While the redirection of condylar growth has been shown in 
some studies to produce a tendency for increased mandibular length, the mandible is not 
shown to be displaced anteriorly, and an increase in chin projection is not seen.15 Inferior 
displacement of the anterior mandible has been shown, however, which supports the 
notion that mandibular rotation could potentially be playing a role in the Herbst 
mandibular skeletal effects.15  
Although the dental changes produced by the Herbst appliance are well 
documented and consistent in the literature, the skeletal changes produced by the Herbst, 
including whether or not a maxillary growth restriction, increase in total mandibular 
length, long-term change in mandibular position and chin position, and glenoid fossa 
modeling exist as treatment effects, remain a clear source of controversy. Conflicting 
evidence supporting both the presence and absence of these proposed treatment effects 
has been reported by different studies. Much of the debate exists in part because of the 
different methods of analysis employed by the published articles and reviews.12 Many 
studies do not distinguish between different mandibular rotation and growth patterns in 
subjects, maturational status, different Herbst appliance designs or protocols, lack a 
comparison of treatment effects to an untreated control group, lack long-term data, or do 
not examine the effects of different functional appliances individually. Thus, there is a 
considerable ambiguity of the evidence for the skeletal effects of Herbst treatment, and a 
need for further investigation. Of significant importance to profile improvement in Class 
II mandibular retrusive individuals is the lack of definitive information on the Herbst’s 
effects on chin position.  
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 Throughout the literature, the proposed mechanisms for improving 
anteroposterior chin position include condylar growth changes, repositioning of the 
glenoid fossa, and counterclockwise forward rotation of the mandible.3 The anterior tip 
of the chin is stable and undergoes little or no remodeling, therefore, it is established that 
the chin does not come forward due to remodeling or growth of the chin itself.32-35 
Schudy proposed that the vertical growth of the maxilla and vertical maxillary and 
mandibular dentoalveolar growth are the primary determinants of chin position.3 In other 
words, for an improvement of chin position to occur, the condylar growth must exceed 
the vertical growth of the corpus of the maxilla and the vertical growth of the maxillary 
and mandibular processes.3 Sinclair and Little also supported this belief.36 This theory, 
however, has not been supported by subsequent research.3 LaHaye et al. along with 
many others support the belief that true mandibular rotation plays the primary role in 
determining anteroposterior chin position.3,8,9,32,37 Bjork and Skieller demonstrated that 
anterior movements of the chin are strongly related to true mandibular rotation. Their 
findings also suggested that changes in condylar and dentoalveolar development occur to 
compensate secondarily to mandibular rotation.37 Mathematical models produced by 
Buschang and Santos-Pinto have shown that mandibular rotation is the most important 
determinant of horizontal movements of the chin in untreated children and adolescents.3 
LaHaye at al. reported a correlation between the horizontal movements of pogonion and 
true rotation of 0.64, and Thompson et al. reported a similar correlation of 0.69.3 This 
means that 41-48% of the variation in the horizontal movement of pogonion can be 
explained by true rotation. Thus, while true rotation explains the majority of horizontal 
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chin position, additional information is required to accurately predict chin movements. 
The multiple regressions in the study by LaHaye et al. supported previous studies that 
showed that true rotation along with horizontal and vertical changes in the glenoid fossa 
and condyle accounted for approximately 90% of the variation in horizontal chin 
position.3 In order of association, the anteroposterior position of pogonion in both treated 
and untreated patients is most closely related to true mandibular rotation, followed by 
the anteroposterior position of the condyle, followed by the anteroposterior position of 
the glenoid fossa.3  
With true mandibular rotation as the primary determinant of chin position, it is 
important to understand the components of true rotation and the mandible’s adaptability 
to rotation in order to comprehend the resultant effects on the facial profile. True rotation 
refers to the rotation of the mandibular body relative to the anterior cranial base that 
“truly” occurs, independent of remodeling.38 
 Apparent rotation is the change in the mandibular plane angle including the 
remodeling changes of the lower border of the mandible; therefore, it is the change that 
“appears to occur” but does not actually occur.38 Due to these remodeling changes of the 
mandibular border, superimposition on the mandibular border and changes in the 
mandibular plane angle cannot be relied upon to interpret mandibular growth and 
treatment effects. Instead, true rotation must be examined to accurately determine these 
effects. True rotation also determines the direction of condylar growth, which affects the 
shape and sagittal position of the mandible.38 It has been established through implant and 
histological studies that growth in mandibular length occurs primarily at the condyle.39,40 
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Dependent on the orientation and individual’s growth pattern, the condyle grows 
superiorly and slightly posteriorly or even anteriorly.35,39 A ratio of 10:1 superior to 
posterior condylar growth has been reported.35 The terms “forward rotator,” or 
“hypodivergent,” and “backward rotator,” or “hyperdivergent,” have been used to 
describe the condylar and facial growth pattern that an individual may exhibit.39 Forward 
rotators display greater condylar growth that is more anteriorly directed than backward 
rotators. More posteriorly directed condylar growth is exhibited by less forward or 
backward rotators.39 A greater counterclockwise or forward rotation of the mandible will 
produce a greater forward movement of the chin.41 In contrast, a clockwise or backward 
rotation of the mandible will result in an adverse posterior movement of the chin.38 
Since the Herbst appliance postures the mandible forward, the condyle slides 
down the articular eminence in an anterior and inferior position. The result is a 
redirection of condylar growth in a posterior direction.15,30 With posteriorly directed 
condylar growth having been shown to be associated with a less forward or backward 
rotation of the mandible, it is logical to believe that the backward rotation of the 
mandible with Herbst treatment will mask the effects of any potential increase in 
mandibular growth and have an adverse effect on chin position compared to an untreated 
individual. If this is found to be true, the effects of Herbst treatment may be in 
opposition to treatment objectives to improve a mandibular retrusive profile. The 
existing literature on Class II growth and mandibular rotation suggests that to correct a 
skeletal Class II malocclusion with an improvement of facial esthetics, it is necessary to 
consider a treatment approach that provides the greatest amount of forward mandibular 
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rotation to allow for anterior movement of the chin, while also controlling for backward 
rotation, which produces inferior and posterior movement of the chin with deleterious 
effects on the profile. However, these treatment effects have not yet been examined with 
the Herbst appliance. 
In the literature, there are three recurring voids of information in the examination 
of the treatment effects of the Herbst appliance. First, the majority of studies describing 
skeletal treatment effects of the Herbst appliance fail to account for the mandibular 
divergence and rotational pattern of the patients. Because the growth patterns of hypo-, 
normo-, and hyperdivergent patients differ significantly, the patient’s vertical tendency 
is critical for the interpretation of Herbst treatment effects.38 An untreated hypodivergent 
patient will have more superior or slightly anterior condylar growth, greater forward 
rotation, and an increased AP chin position in comparison to an untreated hyperdivergent 
patient with backward rotation and more posteriorly directed condylar growth.  Thus, the 
changes in chin position will be different between these patients with varying divergence 
patterns through growth alone. The additional effects of the Herbst appliance, which 
produces a posterior redirection of condylar growth, have yet to be compared between 
the three growth patterns. A question that has yet to be answered is whether or not the 
Herbst appliance decreases the amount of superior or anterior condylar growth in 
hypodivergent patients and decreases forward rotation and chin projection compared to 
an untreated hypodivergent patient. Conversely, it is not known if the Herbst further 
increases the existing posterior direction of condylar growth in a hyperdivergent patient 
and exacerbates the backward rotation and decrease in chin projection. No studies to 
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date have integrated true mandibular rotation into the interpretation of the results; 
therefore, these questions cannot be answered with the existing literature. In one of the 
few studies that documented the subjects’ divergence patterns, LaHaye et al. exclusively 
examined hyperdivergent patients and found that skeletal Class II correction with Herbst 
treatment was primarily achieved by maxillary growth restriction alone.3 They did not 
find any significant increases in SNB, mandibular length, condylar growth, or sagittal 
chin position, which are treatment effects that have been reported by other studies in 
which the divergence patterns of the patient sample were not specified or controlled.2 
These contrasting reports of treatment effects in hyperdivergent patients support the 
belief that the Herbst treatment effects may be different in hyper- versus hypodivergent 
patients. The patient’s vertical growth pattern must be known to accurately interpret the 
treatment effects of the Herbst, yet the majority of the literature lacks a clear definition 
of the patient population in these terms.  
Second, there is a considerable lack of information about the general effects on 
chin position with Herbst treatment using appropriate, stable reference points with a 
comparison of the results to untreated controls. When chin position has been described 
in the literature, it has been reported most often in terms of SNB or SN-Pg angular 
measurements. When using angular measurements to interpret sagittal changes, increases 
in the vertical dimension will mask the anterorposterior changes. Thus, angular 
measurements are not as accurate for interpreting horizontal and vertical changes in 
these patients. Millimeter linear measurements from stable reference points in relation to 
horizontal and vertical reference lines must be used to appropriately evaluate sagittal 
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changes and also distinguish pure treatment changes separate from growth changes. 
Some studies have reported a small increase in the SNB angle of 0.2-1.4 degrees with 
Herbst treatment.3,13,15,42,43 Because B point changes with the eruption and inclination of 
the mandibular incisors, and Nasion moves forward with growth, the SNB angle is not a 
stable reference to infer changes in mandibular or chin position with treatment. Pogonion 
is a more reliable reference point for interpreting changes in chin position since the 
anterior portion of the chin is stable and does not undergo remodeling. However, few 
studies have directly measured the treatment effects of the Herbst on the chin itself using 
Pg as a reference point. Those who have generally reported no significant change in SN-
Pg or an inferior movement of Pg with Herbst treatment.3,15,22 Alternatively, some 
studies have described an increase in SN-Pg, but did not clearly compare these treatment 
results to an untreated control group thereby making it difficult to differentiate whether 
the SN-Pg increase was a result of Herbst treatment versus normal growth. Since Nasion 
moves forward with growth, as mentioned before with SNB, the SN-Pg angle will 
change with growth and therefore is not reliable as a stable reference to interpret 
treatment changes to the chin produced by the Herbst alone. Other studies that reported 
increases in SN-Pg and correctly compared the results to an untreated control group 
failed to describe the vertical growth tendency of the samples to determine whether the 
larger increases in chin position measured at SN-Pg were related to the vertical growth 
pattern of the selected patients rather than Herbst treatment alone.14 As alluded to before, 
if the treated sample was comprised predominantly of hypodivergent patients with a 
greater forward rotation growth pattern, a larger sagittal change in chin position would 
  11 
be expected than if the sample contained normo- or hyperdivergent patients. 
Additionally, if the treatment group contained a majority of one divergence pattern, and 
the control group contained a majority of the opposite divergent pattern, the treatment 
results on chin position could again be skewed. Thus, few studies have described the 
sagittal change of the chin with Herbst treatment appropriately with stable reference 
points, and no studies have done so in patients with different vertical growth patterns 
with a matched control group to accurately assess whether any changes in chin position 
were due to growth, the rotational growth pattern of the patient, or the Herbst treatment 
itself.   
Lastly, another topic lacking clear documentation in the literature is the relation 
of proposed mandibular treatment effects with the Herbst and true mandibular rotation. 
Though some articles have shown an increase in mandibular length with Herbst 
treatment, it cannot be inherently assumed that this directly correlates to an improvement 
in AP chin position, as some studies have suggested, without taking into account true 
mandibular rotation. Mandibular rotation is the primary determinant of chin position, yet 
true rotation and its effect on chin position have not been adequately evaluated in 
previous studies to support or refute the result of any mandibular skeletal effects found 
with Herbst treatment. Additionally, some studies that reported greater posteriorly 
directed condylar growth with functional appliances have implied that the posterior 
growth results in an improved AP position of the mandible and chin.44,45 However, they 
did not provide evidence to support this suggested cause-effect relationship. When true 
rotation is considered, one would believe that the opposite would be true; that the 
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posterior direction of condylar growth is the consequence of backward rotation of the 
mandible, which moves the chin inferiorly and posteriorly. Therefore, it is not clear 
whether the increase in mandibular length and posteriorly redirected condylar growth 
from Herbst treatment results in any improvement in chin position and facial esthetics in 
the Class II retrognathic profile. When considering true rotation, it is logical to believe 
these treatment effects would instead have a deleterious effect on the profile of these 
patients.  
There is a lack of conclusive evidence on the exact effects of the Herbst on chin 
position, and no existing literature that properly correlates true mandibular rotation with 
the changes in chin position in patients with different divergence patterns. This study 
will attempt to clarify the true treatment effects of the Herbst appliance on the Class II 
profile by examining the relation of chin projection changes and true rotation with the 
Herbst appliance in hyper-, normo-, and hypodivergent Class II patients.  With an 
understanding of how the mandible adapts to rotational changes with the Herbst and the 
resultant advantageous or adverse changes in chin position, orthodontists will be able to 
have a more accurate expectation of Herbst treatment effects and will improve their 
ability to appropriately select patients for functional appliance treatment. Additionally, a 
better understanding of mandibular rotational changes will aid orthodontists in choosing 
treatment options that will meet facial treatment objectives including the improvement of 
a Class II retrognathic profile through an increase in sagittal chin position.  
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CHAPTER II 
INTRODUCTION 
 
A bilateral Class II malocclusion is a common problem occurring in 
approximately 14.7% of the U.S population.1 A consistent finding in Class II 
malocclusion is mandibular retrusion and subsequent retrusive chin position.2,3 To 
correct the facial convexity in Class II individuals, chin position must be addressed in 
order to obtain a significant improvement in facial esthetics. Although not all of the 
factors involved in facial esthetics are known, a preference for straighter profiles over 
retrusive chin positions is apparent and well documented in the literature.3,10,11 
Common non-surgical treatment methods to correct a Class II skeletal 
malocclusion include the use of headgear or functional appliances. Fixed functional 
appliances offer the advantage of not requiring patient compliance. The Herbst appliance 
is a fixed functional appliance that is widely used for Class II correction and has been 
extensively researched since its reintroduction by Pancherz in the 1970’s.12 It was 
designed to alter the sagittal position of the mandible by continuously posturing it 
forward, with the goal of possibly stimulating condylar growth or redirecting mandibular 
growth in a favorable direction.12,13 Additionally, the Herbst is thought by some to 
restrict anteroposterior maxillary growth.3,13-17,19,20 Dentally, a posterior force is placed 
on the maxillary teeth and an anterior force is placed on the mandibular teeth with the 
appliance.12 These effects produce proclination and anterior movement of the 
mandibular incisors and improvement of the first molar relationship through mesial 
movement of the mandibular first molars. Other common, but not universally 
  14 
documented dental effects include retroclination of the maxillary incisors and 
distalization and intrusion of the maxillary molars.12  
There is controversy over the skeletal effects of the Herbst. While most studies 
have reported maxillary growth restriction with the Herbst appliance, which they 
describe as a “headgear effect,”3,13-17,19,20 a systematic review reported minimal 
maxillary skeletal effects and no significant headgear effect.12 Increases in mandibular 
length with Herbst treatment have been reported by several studies.2,13-15,21 However, 
non-significant mandibular length change has also been reported.12 
Although the amount of condylar growth and fossa remodeling changes are 
disputed,13-15,27,30,31,46-49 a significant change in condylar growth direction with the 
Herbst appliance has been repeatedly demonstrated.15,27,30,31 Anterior repositioning of the 
mandible has been shown to result in a redirection, rather than augmentation, of condylar 
growth.15,46 More posteriorly directed condylar growth occurs with Herbst treatment, 
with the most pronounced posterior changes seen in hyperdivergent patients.3,15,30,48-50 
The skeletal changes produced by the Herbst remain controversial because of the 
different methods of analysis that have been employed in different studies.12 The most 
pervasive problem in the Herbst literature is the lack of adequate control groups.12 In 
order to distinguish between actual Herbst treatment effects and normal growth, an 
untreated control group must be used for comparison. Because the growth patterns of 
hypo-, normo-, and hyperdivergent patients differ significantly, the patient’s divergence 
pattern is also critical for the interpretation of Herbst treatment effects. The majority of 
the Herbst literature does not specify the MPA of the patient sample. Of the articles that 
  15 
do specify the MPA, two exclusively studied hyperdivergent patients,3,15 and the other 
three did not have an adequate untreated controls for comparison.30,51,52 Thus, there is 
considerable ambiguity concerning the skeletal effects of Herbst treatment. Of particular 
importance to profile improvement in Class II mandibular retrusive individuals is the 
lack of definitive information on the Herbst’s effects on chin position.  
The proposed mechanisms for improving anteroposterior chin position include 
condylar growth changes, repositioning of the glenoid fossa, and counterclockwise 
forward rotation of the mandible.3 Of these, true mandibular rotation plays the primary 
role in determining anteroposterior chin position.3,8,9,37,38 Chin projection changes with 
the Herbst appliance have not previously been examined in relation to true mandibular 
rotation.  
True rotation refers to the rotation of the mandibular body relative to the anterior 
cranial base that “truly” occurs, independent of remodeling.53 Apparent rotation is the 
change in the mandibular plane angle including the remodeling changes of the lower 
border of the mandible; therefore, it is the change that “appears to occur” but does not 
actually occur.53 True rotation also determines the direction of condylar growth, which 
affects the shape and sagittal position of the mandible.37 Growth in overall mandibular 
length occurs primarily at the condyle,37,39 and depending on the individual’s growth 
pattern, the condyle grows superiorly and slightly posteriorly or even anteriorly.35,39 
Forward rotators (hypodivergent) display greater condylar growth that is more anteriorly 
directed than backward rotators.37 More posteriorly directed condylar growth is 
exhibited by individuals with less than average forward rotation and by backward 
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rotators.37 A greater counterclockwise or forward rotation of the mandible produces 
greater forward movement of the chin.37 In contrast, a clockwise or backward rotation of 
the mandible will result in an adverse posterior movement of the chin.37 
When chin position has been evaluated, it has been reported most often in terms 
angular measurements such as SNB or SN-Pg. Angular measurements are less reliable 
than linear measurements for interpreting sagittal changes, since multiple landmarks 
influence them, and they can be masked by increases in the vertical dimension. Some 
studies have reported a small increases in the SNB angle (0.2-1.4 degrees) with Herbst 
treatment.13,42,43 Because B point changes with the eruption and inclination of the 
mandibular incisors, and the mandibular incisors are known to advance with Herbst 
treatment, SNB may not accurately represent pure skeletal changes. Pogonion is a more 
reliable skeletal reference point for interpreting changes in chin position. Chin position 
changes based on Pg have generally shown no significant AP changes or an inferior 
displacement of pogonion with Herbst treatment.3,15,22,31,50,54,55 However, with the 
exception of LaHaye et al. and Croft et al., none of the articles have provided 
information on the starting or final mandibular divergence of the treated or control 
subjects.3,15,22,31,50,54,55 Therefore, it cannot be determined whether changes in chin 
position were related to the patients’ inherent vertical growth patterns or to the Herbst 
treatment alone.  
Though some articles have shown greater posterior condylar growth and an 
increase in mandibular length with functional appliance treatment, it cannot be 
inherently assumed that this directly correlates with an improvement in AP chin position, 
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as some have suggested.44,56 Based on our understanding of true rotation, one would 
expect that the opposite would be true (i.e. that the posterior direction of condylar 
growth is the consequence of the backwards rotation of the mandible, which moves the 
chin inferiorly and posteriorly). Therefore, it is not clear whether increases in 
mandibular length and posteriorly redirection of condylar growth with Herbst treatment 
results in any improvements in chin position and facial esthetics. When considering true 
rotation, it is logical to believe these treatment effects would instead have a deleterious 
effect on the profile of these patients.  
There is a lack of evidence on the effects of Herbst treatment on chin position in 
hypo- and hyperdivergent patients and a lack of literature correlating true mandibular 
rotation to changes in chin position in Herbst patients. Therefore, the primary objective 
of the present study was to examine the relation of chin projection changes and true 
rotation in hypo- and hyperdivergent patients. An additional objective was to understand 
how the mandible adapts to rotational changes. The goal was to provide a more accurate 
and realistic expectation of treatment outcomes and profile changes with the Herbst 
appliance in Class II patients, so that practitioners can avoid causing adverse effects on 
the chin position and use the mandible’s adaptability to rotation to maintain or improve 
chin position.  
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CHAPTER III 
MATERIALS AND METHODS 
 
Sample Description 
 
The sample consisted of growing patients previously treated by one private 
practice orthodontist. To be considered for this study, the treated patients had to meet the 
following selection criteria: 1. Class II skeletal relationship (defined by ANB greater 
than average age and sex-specific norms57), 2. Class II Division I malocclusion with ≥ 
Class II half-step molar and canine relationships, 3. Treatment with Herbst and fixed 
appliances alone (no adjunctive appliances used), 4. Successful treatment outcomes with 
Class I molar and canine relationships, overbite of 2-3 mm and overjet of 1-2 mm, 5. 
Complete records with pre- and post-treatment lateral cephalogram radiographs, 6. 
Approximately equal numbers of boys and girls, 7. Growing, between the ages of 11 and 
14 years, 8. Consecutively treated within the past 7 years.  
 The treated group included 45 patients (23 boys, 22 girls) treated with stainless 
steel crown Herbst appliances for an average of 14.2 ± 4.3 months, followed by fixed 
edgewise appliances. The total mean treatment time was 2.5 ± 0.7 years. The mean pre-
treatment age (T1) was 12.6 ± 1.1 years, and the mean age of the patients when the 
Herbst was placed was 12.6 ± 1.0 years. The mean post-treatment age (T2), after the 
Herbst and fixed edgewise appliances, was 15.1 ± 1.2 years. The average pre-treatment 
MPA (SN-GoMe) was 33.7 ± 6.0 degrees. 
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 All of the patients were treated using a standard cantilever Herbst appliance with 
full coverage stainless steel crowns on the maxillary and mandibular first molars, 
telescopic cantilever arms off of the mandibular first molars, and a 0.040 mm stainless 
steel lower lingual arch with occlusal rests on the mandibular first premolars. 
 The untreated control group was comprised of children from a longitudinal 
growth study at the Human Growth and Research Center at the University of Montreal.58 
They were drawn from three school districts in Montreal representing the socioeconomic 
strata of the larger population. The control sample consisted of 45 Class II Division I 
subjects (23 boys, 22 girls) who were matched to the treated sample based on age, sex, 
and pre-treatment MPA. At the initial T1 observation, the control sample was 12.4 ± 0.8 
years of age; they were followed for 2.2 ± 0.5 years. Their pre-treatment MPA was 34.8 
± 2.9 degrees.  
 This study was approved by the Texas A&M University Baylor College of 
Dentistry Institutional Review Board (2015-0040-BCD-EXP, Reference number: 
022808). 
Cephalometric Methods 
 Seven skeletal and dental landmarks were identified using standard definitions 
(Table 1). All cephalograms were digitally traced by one investigator using Dolphin 
Imaging Software. The linear measurements were adjusted to eliminate magnification. 
Traditional angular measurements were used to quantify the anterorposterior changes in 
the maxilla and mandible (SNA, SNB, ANB), mandibular plane angle (S-N/Go-Me), and 
skeletal convexity (NAPg).  
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 Cranial base superimpositions of the pre- and post-treatment lateral 
cephalograms were performed for each subject using cranial base stable structures.59 To 
quantify the horizontal and vertical changes of the chin, rectangular coordinates were 
used with a horizontal reference line (RL) constructed on the T1 tracing. The RL was 
registered on Sella and oriented 7 degrees below the SN plane to simulate natural head 
position (Fig 1). The AP change in Pogonion was measured parallel to RL, and the 
vertical change was measured perpendicular to RL (Fig 2). Anterior and superior 
changes were recorded as positive. 
True rotation (rotation of the mandible independent of the modeling changes) 
was evaluated by adding the amount of apparent rotation to the amount of mandibular 
border remodeling. Apparent rotation was measured as the T1-T2 change in the MPA. 
Mandibular lower border remodeling was measured based on the angular changes of the 
mandibular plane (as defined by Gonion and Menton) after mandibular 
superimposition.59  
Statistical Methods 
Due to group differences in T1-T2 duration, the changes were annualized to 
represent changes per year rather than changes over the entire treatment. The 
distributions of all variables were normal based on the skewness and kurtosis statistics. 
To examine the treatment effects in relation to the subjects’ divergence growth patterns, 
those with a MPA < 34 were grouped as hypodivergent, and those subjects with a MPA 
≥ 34 were grouped as hyperdivergent. Independent samples t-tests were used to evaluate 
group differences. 
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CHAPTER IV 
RESULTS 
 
There were no statistically significant pre-treatment group differences between 
the Herbst patients and the untreated control subjects in terms of T1 age, gender, MPA, 
or sagittal jaw positions (Table 2). The SNA and SNB angles indicated relatively normal 
positions of the maxilla and mandibular retrusion, respectively.  
The hypodivergent Herbst patients showed significant improvements in ANB due 
to a decrease in SNA and an increase in SNB (Table 3). In contrast, the controls showed 
no significant changes in these three measurements. Group comparisons showed 
significant differences in both the SNA and ANB angles, with the hypodivergent Herbst 
patients showing a significantly greater reduction in both angles. Both the hypodivergent 
Herbst and the hypodivergent controls showed slight, but statistically significant, 
amounts of forward rotation. Pogonion came forward and down slightly more in the 
Herbst than control group, but the group difference was not significant. There was a 
significant group difference in the change of NAPg, with the hypodivergent Herbst 
patients increasing significantly, and the controls showing no change.  
The ANB angle of the hyperdivergent Herbst patients improved significantly due 
to a decrease in SNA; the control subjects showed no significant change in either 
measurement (Table 4). The group difference in the ANB changes was statistically 
significant. True rotation was also significantly different between the groups, with the 
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hyperdivergent controls showing slight forward rotation and hyperdivergent Herbst 
patients undergoing slight backward rotation. Neither group showed horizontal 
advancement of the chin. There was greater inferior displacement of the chin in 
hyperdivergent Herbst patients, but the group difference was not significant. NAPg 
increased significantly in hyperdivergent Herbst patients, whereas the controls showed 
no change, resulting in a significant group difference.  
Comparison of the hypo- and hyperdivergent Herbst patients showed no 
statistically significant difference in SNA, SNB, or ANB (Table 5). True rotation was 
significantly different, with the hypodivergent Herbst patients showing forward rotation, 
and the hyperdivergent Herbst patients exhibiting backward rotation. The hypodivergent 
Herbst patients also underwent significant anterior displacement of Pogonion, while the 
hyperdivergent patients did not. Again, the group difference was statistically significant. 
The hyperdivergent Herbst patients also showed greater vertical displacement at 
Pogonion than the hypodivergent patients, but the difference was not statistically 
significant. There was no group difference in NAPg; both groups exhibited increases. 
The hypo- and hyperdivergent controls showed no statistically significant group 
differences (Table 6).  The hypodivergent controls showed statistically significant 
forward rotation and anterior displacement of Pogonion, whereas the hyperdivergent 
controls did not. Both groups showed similar amounts of vertical displacement of 
Pogonion. 
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CHAPTER V 
DISCUSSION 
 
The primary effect of the Herbst in terms of maxillomandibular correction was in 
the maxilla. The Herbst restricted maxillary growth in both hypo- and hyperdivergent 
patients, indicative of the “headgear effect” (-0.7 to -0.8 deg/year SNA reduction) 
reported previously.3,15 The lack of a statistically significant group difference in SNA 
between hyperdivergent Herbst patients and hyperdivergent controls was most likely due 
to the smaller effect and lack of power. LaHaye et al. showed that hyperdivergent Herbst 
patients had a statistically significant restriction of maxillary growth (-0.7 deg/year SNA 
reduction).3 The hyperdivergent patients in the present study were more hyperdivergent 
than the hyperdivergent patients in the study by LaHaye et al., which may explain the 
difference in SNA reduction.  
The amount of SNA reduction in both the hypo- and hyperdivergent Herbst 
patients in the present study was similar to the SNA reductions described for cervical-
pull headgear (-0.58 to -0.8 deg/year) and high-pull headgear (-0.5 to -1.1 deg/year).60-63 
The treatment changes in SNA for both hypo- and hyperdivergent patients in this study 
were greater than the SNA change previously reported for untreated individuals with 
normal growth (-0.001 to 0.65 deg/year).57 This further supports maxillary growth 
restriction as a treatment effect of the Herbst. Since the Herbst appliance attaches from 
the maxilla to the mandible with rigid steel arms to the maxillary and mandibular first 
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molars, the same force that displaces the mandible down and forward is reciprocally 
exerted on the maxilla. Thus, a backward force is placed on the maxillary dentition and 
maxilla with the Herbst, which may explain the existence of a “headgear effect.” 
 The Herbst has a positive, though limited, effect on SNB in hypodivergent 
patients. The change observed in the present study is consistent with the 0.2-1.4 degree 
increase in SNB previously reported with Herbst treatment.3,15,64 In contrast, 
hyperdivergent patients did not show significant changes. LaHaye et al., who only 
evaluated hyperdivergent patients, also did not find any significant increases in SNB 
among treated Herbst patients.3 However, as previously indicated, sagittal changes in 
mandibular position are best evaluated using Pogonion, since the anterior portion of the 
chin is stable and does not undergo remodeling.  
 In the present study, Pogonion did not come forward any more with Herbst 
treatment than it did in untreated Class II individuals. Existing studies comparing Herbst 
treatment to untreated controls have consistently found either no significant difference in 
AP changes at Pogonion or inferior displacement of Pogonion with Herbst 
treatment.3,15,22,31,54,55 One study reported a downward and backward displacement of 
Pogonion.50 Studies that reported increases in chin projection with functional appliance 
treatment have consistently failed to specify the pre-treatment divergence pattern of the 
patients.14,44,56 For example, Baccetti et al. reported that functional jaw orthopedics with 
a bonded Herbst appliance had a favorable impact on the advancement of the chin,56 but 
the MPA or divergence pattern of the patients was not stated. If their treated group was 
comprised of more hypodivergent patients, and the controls contained more normo- or 
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hyperdivergent individuals, then the treated group would have shown greater increases 
in chin projection due to the more favorable growth pattern alone. Without knowing the 
vertical growth tendency of the samples, it cannot be determined whether changes in 
chin position or group differences were related to the inherent vertical growth pattern of 
the selected patients or Herbst treatment alone.  
There is a reduction in skeletal convexity (NAPg) with Herbst treatment in both 
hypo- and hyperdivergent patients, but it is not due to greater advancement of the chin. 
Numerous studies have reported profile improvements and decreases in facial convexity 
with Herbst treatment.22,54,55,65,66 Those with adequate control groups and proper 
reference points have also found that the decrease in convexity was primarily due to 
maxillary changes, with no significant differences in AP chin position with 
treatment.3,15,22,31,54,55 Therefore, the improvement of the profile and reduction of skeletal 
convexity with Herbst treatment is due to the restriction of anterior maxillary growth 
rather than mandibular protrusion.  
 The Herbst appliance has little or no effect on the mandibular plane angle. The 
present study found no significant difference in the MPA in hypo- or hyperdivergent 
Herbst patients in comparison to controls. This is consistent with other studies reporting 
either no change or a slight increase in the MPA with Herbst treatment.3,13,15 Despite the 
lack of change in the MPA, there was significant true rotation occurring that was masked 
by remodeling of the lower mandibular border. Remodeling of the lower border of the 
mandible in untreated subjects has been reported to approximate 0.51 to 1.1 deg/year, 
which is consistently greater than the concomitant changes that occur in the MPA.38 Due 
  26 
to the remodeling changes of the mandibular border, superimposition on the mandibular 
border and changes in the MPA cannot be relied upon to interpret mandibular growth 
and treatment effects. Instead, true rotation must be examined to accurately determine 
these effects.  
The true rotational effects of the Herbst are different in hypo- than 
hyperdivergent patients. During normal growth, hypo-, normo-, and hyperdivergent 
untreated individuals generally show forward rotation.6 The difference is that untreated 
hypodivergent patients have significantly more forward rotation than untreated 
hyperdivergent patients.6 Similarly, the untreated hypo- and hyperdivergent control 
samples in this study exhibited forward rotation that was consistent with previously 
published estimates ranging from 0.4-1.0 degrees per year.67,68 In contrast, the 
hyperdivergent Herbst patients in the present study exhibited significant backward 
rotation, unlike the hypodivergent Herbst patients and hyperdivergent controls. 
Therefore, hyperdivergent patients undergo a deleterious backwards rotation with Herbst 
treatment. The hypodivergent Herbst patients in the present study exhibited forward 
rotation that was consistent with previously published estimates (0.4-1.0 deg/year of 
forward rotation),67,68 and was similar to the forward rotation exhibited by the 
hypodivergent control sample. This suggests that hypodivergent patients may be able to 
overcome the backward rotational effects of the Herbst appliance.  
The mechanism producing rotational effects may be inherent to the design of the 
Herbst. True rotation determines the direction of condylar growth, which affects the 
shape and sagittal position of the mandible.38 Since the Herbst appliance postures the 
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mandible downward and forward, the condyle slides down the articular eminence in an 
anterior and inferior position. This redirects condylar growth in a posterior 
direction.15,30,46 Posteriorly directed condylar growth has been shown to be associated 
with a less forward or backward rotation of the mandible.38 Therefore, the downward 
and forward posturing of the mandible with the Herbst appliance should be expected to 
inhibit forward mandibular rotation or cause backward rotation, which in turn results in  
posterior redirection of condylar growth and vertical displacement of the chin. 
Additionally, opening of the gonial angle and an increase in LAFH has been shown to 
occur with Herbst treatment, which are also indicative of the hyperdivergent backward 
rotational pattern. 
The effect of Herbst treatment on true mandibular rotation in hypo- and 
hyperdivergent patients has not been examined previously. One possible explanation for 
the rotational differences between divergence patterns may be the orofacial musculature. 
Weaker and stronger musculatures have been associated with the development of 
hyperdivergent and hypodivergent growth patterns, respectively.69,70 Therefore, with 
respect to rotation, functional appliances may work best in patients with greater 
horizontal growth potential and less vertical growth tendencies, often associated with 
more powerful masticatory musculature.38 Patients with euryprosopic facial form and 
powerful jaw musculature undergo more forward true rotation, and therefore, may be 
better able to overcome the negative rotational effects of Herbst treatment. 
Leptoprosopic patients with weaker musculature, on the other hand, may have less 
muscular ability to overcome the backward rotational effects of the Herbst.  
  28 
Airway provides a second possible explanation for the rotational differences 
between hypo- and hyperdivergent patients. Airway obstruction is associated with the 
hyperdivergent phenotype: increased lower facial height, increased total facial height, 
more retrognathic jaws, and altered tongue position.71-73 Many studies have shown that 
individuals with obstructed airways often have habitual open mouth breathing 
postures.74-77 Therefore, if the patient’s hyperdivergence was due to habitual mouth 
breathing, their open mouth posture may allow for more expression of the backward 
rotational effect of the Herbst. Both weak musculature and airway compromise have 
been associated with lower mandibular posture and the resultant development of the 
hyperdivergent phenotype.38  
A third possible explanation for the rotational differences may be morphological. 
Advancing the mandible horizontally in a patient with a flat occlusal plane (OP) may 
produce less backwards rotation than advancing down along a steeper OP. Since 
hyperdivergent patients often have steeper OP’s than hypodivergent patients, the greater 
OP angulation may explain the more backwards rotation that hyperdivergent patients 
experience. 
An increase in overall mandibular length with Herbst treatment has been cited by 
many studies.21,56,78-81 However, this does not necessarily contribute to the sagittal 
maxillomandibular skeletal correction in Class II Herbst patients. While the more 
posterior redirection of condylar growth increases overall mandibular length, it often 
does not displace the mandible anteriorly, and chin projection is not increased more than 
in controls.3,15,31 Inferior displacement of the anterior mandible has been shown, 
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however.15,50 Therefore, it is possible that the increase in mandibular length often 
associated with Herbst treatment is negated due to rotation with the chin displaced down 
rather than forward. 
Clinically, the results of this study hold several implications that may affect 
patient selection for Herbst treatment. While hypodivergent patients may be able to 
overcome the negative rotational effects of the Herbst, it does not advance the chin 
position any more than if the patient had remained untreated. Hypodivergent Class II 
patients benefit primarily from the Herbst’s “headgear effect.” The amount of maxillary 
growth restriction obtained with the Herbst appears to be within the range achieved with 
headgear, and may provide a non-compliant alternative for these patients.   
Hyperdivergent patients also experience a “headgear effect,” but it is not as 
substantial as in hypodivergent patients. This benefits of this effect is limited in 
hyperdivergent patients because they undergo deleterious backward rotation and 
increases in LAFH, which worsen facial esthetics. Because of this, hyperdivergent 
patients are poorly suited for Herbst treatment. 
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CHAPTER VI 
CONCLUSIONS 
 
In this study evaluating Herbst treatment effects in hypo- and hyperdivergent 
patients and the relation of chin position changes to true mandibular rotation, the 
following conclusions can be drawn: 
1. The primary treatment effect of the Herbst appliance in terms of 
maxillomandibular correction is in the maxilla. The Herbst produces a significant 
maxillary growth restriction or “headgear effect.” 
2. The rotational effects of the Herbst are different in hypo- than hyperdivergent 
patients. Hyperdivergent patients undergo the deleterious backward true 
mandibular rotation with Herbst treatment, while hypodivergent Herbst patients 
undergo forward true mandibular rotation, similar to the forward rotation 
exhibited by hypodivergent controls.  
3. The chin does not come forward any more with Herbst treatment than it does in 
untreated Class II individuals.  
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APPENDIX A 
 
FIGURES 
 
 
 
Fig 1a. Cephalometric landmarks and horizontal reference line oriented on the T1 SN-
plane minus 7 degrees, registering on T1 sella 
 
 
 
 
 
 
 
 
RL (SN-7°) 
 
 
 
 
 
 
 
A
  
S 
B
  Pg 
Me 
Go 
N 
 
  39 
 
 
 
 
Fig 1b. AP and vertical cephalometric positions measured parallel and perpendicular to 
the horizontal reference line oriented on T1 SN-7°, registering on T1 sella 
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APPENDIX B 
 
TABLES 
 
 
Abbreviation Definition 
S Sella: the geometric center of the pituitary fossa  
N Nasion: the most anterior point on the frontonasal suture 
Pg Pogonion: the most anterior point on the chin 
Me Menton: the lowest point on the symphyseal shadow of the mandible 
Go Gonion: the point on the curvature of the angle of the mandible located 
by bisecting the angle formed by lines tangent to the posterior ramus 
and the inferior border of the mandible  
A A Point (subspinale): the most posterior midline point in the concavity 
between ANS and prosthion 
B B Point (supramentale): the most posterior midline point in the 
concavity between infradentale and pogonion 
 
Table 1. Cephalometric landmarks and definitions 
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T1 (Pre-
Treatment) 
Herbst (n=45) 
23 males, 22 females 
Control (n=45) 
23 males, 22 females 
Group 
Differences 
Measurement Mean SD Mean SD P value 
Age (years) 12.57 1.08 12.44 0.76 0.530 
SN-GoMe (°) 33.70 6.04 34.82 2.89 0.270 
SNA (°) 81.5 3.07 80.28 3.00 0.064 
SNB (°) 75.81 2.78 76.65 2.39 0.127 
 
Table 2. Pre-treatment group differences between Herbst and control groups 
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T1-T2 
Annualized 
Changes 
Hypodivergent 
Herbst (n=23) 
Hypodivergent 
Control (n=18) 
Group 
Differences 
Measurement Mean SD Mean SD P value 
SNA (°) -0.71 0.83 0.05 0.65 0.003 
SNB (°) 0.45 0.47 0.18 1.02 0.317 
ANB (°) -1.16 0.72 -0.13 0.59 <0.001 
SN-GoMe (°) -0.29 0.71 -0.25 0.79 0.870 
Rotation (°) -0.67 0.73 -0.58 1.23 0.781 
Pg Horizontal 
(mm) 
1.16 0.96 0.78 1.32 0.298 
Pg Vertical (mm) -2.90 1.84 -2.55 1.06 0.442 
NAPg (°) 2.00 2.10 0.09 1.02 0.001 
Bold indicates significant changes between T1-T2 (P<0.05) 
 
Table 3. Comparison of annualized changes (deg/year or mm/year) of hypodivergent 
Herbst patients and hypodivergent control 
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T1-T2 
Annualized 
Changes 
Hyperdivergent 
Herbst (n=22) 
Hyperdivergent 
Control (n=27) 
Group 
Differences 
Measurement Mean SD Mean SD P value 
SNA (°) -0.59 0.95 -0.19 0.76 0.110 
SNB (°) 0.23 0.67 -0.15 0.83 0.090 
ANB (°) -0.82 0.48 -0.04 0.56 <0.001 
SN-GoMe (°) -0.06 0.79 0.07 1.19 0.671 
Rotation (°) 0.37 0.58 -0.35 1.12 0.006 
Pg Horizontal 
(mm) 
0.00 1.30 0.29 1.25 0.427 
Pg Vertical (mm) -3.32 1.80 -2.55 0.99 0.081 
NAPg (°) 1.82 0.93 0.28 1.15 <0.001 
Bold indicates significant changes between T1-T2 (P<0.05) 
Table 4. Comparison of annualized changes (deg/year or mm/year) of hyperdivergent 
Herbst patients and hyperdivergent control 
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T1-T2 
Annualized 
Changes 
Hypodivergent 
Herbst (n=23) 
Hyperdivergent 
Herbst (n=22) 
Group 
Differences 
Measurement Mean SD Mean SD P value 
SNA (°) -0.71 0.83 -0.59 0.95 0.639 
SNB (°) 0.45 0.47 0.23 0.67 0.202 
ANB (°) -1.16 0.72 -0.82 0.48 0.072 
SN-GoMe (°) -0.29 0.71 -0.06 0.79 0.306 
Rotation (°) -0.67 0.73 0.37 0.58 <0.001 
Pg Horizontal 
(mm) 
1.16 0.96 0.00 1.30 0.001 
Pg Vertical (mm) -2.90 1.84 -3.32 1.80 0.443 
NAPg (°) 2.00 2.10 1.82 0.93 0.701 
Bold indicates significant changes between T1-T2 (P<0.05) 
 
Table 5. Comparison of annualized changes (deg/year or mm/year) of hypodivergent 
and hyperdivergent Herbst patients  
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T1-T2 
Annualized 
Changes 
Hypodivergent 
Control (n=18) 
Hyperdivergent 
Control (n=27) 
Group 
Differences 
Measurement Mean SD Mean SD P value 
SNA (°) 0.05 0.65 -0.19 0.76 0.277 
SNB (°) 0.18 1.02 -0.15 0.83 0.231 
ANB (°) -0.13 0.59 -0.04 0.56 0.587 
SN-GoMe (°) -0.25 0.79 0.07 1.19 0.322 
Rotation (°) -0.58 1.23 -0.35 1.12 0.532 
Pg Horizontal 
(mm) 
0.78 1.32 0.29 1.25 0.213 
Pg Vertical (mm) -2.55 1.06 -2.55 0.99 0.991 
NAPg (°) 0.09 1.02 0.28 1.15 0.583 
Bold indicates significant changes between T1-T2 (P<0.05) 
 
Table 6. Comparison of annualized changes (deg/year or mm/year) of hypodivergent 
and hyperdivergent controls 
 
 
 
 
 
 
 
 
 
 
 
 
